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TITLE OF THE INVENTION 

Digital Broadcast Receiving Apparatus . , 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a digital broadcast receiving 

apparatus, and more specifically, to a digital broadcast receiving apparatus 
for receiving a digital television broadcast. 
Description of the Background Art 

In recent years, the digitization project of television broadcast is 
10 rapidly progressing worldwide. Particularly, in the field of digital 

television broadcast, the use of MPEG2 (Moving Picture Experts Group 2), 
^3 which is an international standard of data compression/decompression, 

Jj* enables transmission of a plurality of channels with a single repeater so that 

41 the number of channels can be significantly increased. As a result, 

k j 15 convenience for the user is expected to improve significantly. 
03 In receiving digital television broadcast, there is a need to decode 

^ compressed coded data to obtain the actual image signal and audio signal. 

Fig. 1 1 is a schematic block diagram representing an arrangement of 
W a general digital television broadcast receiving system. 

p 20 Referring to Fig. 1 1, a digital television broadcast receiving system 1 

includes an antenna 2 for receiving RF signals which are airwaves, and a 
detection-demodulation unit 3 for performing detection and demodulation of 
the RF signals according to a channel selection instruction from the user. 
Detection-demodulation unit 3 outputs transport stream data (hereinafter, 
25 also simply referred to as TS data) according to the MPEG2 standard. The 
TS data is formed as one data stream into which coded data respectively 
corresponding to an image signal, an audio signal, and a data signal are 
multiplexed. 

Digital television broadcast receiving system 1 further includes a TS 
30 separating unit 4 for separating the multiplexed TS data, an audio decode 
unit 5 for decoding audio coded data received from TS separating unit 4, and 
a video decode unit 6 for decoding image coded data received from TS 
separating unit 4. ,x -n 
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Audio decode unit 5 and video decode unit 6 executes decoding of the 
compressed coded data according to the MPEG2 standard. An audio signal 
and an image signal respectively are output from audio decode unit 5 and 
video decode unit 6 and transmitted to an audio output unit 7 and an image 
5 display unit 8. As a result, from the RF signals received by antenna 2, the 
image signal and the audio signal corresponding to the user channel 
selection can be output to image display unit 8 and audio output unit 7. 

In addition, although not shown in Fig. 11, data signal that is 
included in the TS data can also be output to image display unit 8 by 
10 executing decoding based on the MPEG2 standard. 

In the digital television broadcast, however, it is inherently difficult 
immediately to display a real time image corresponding to the airwaves 
Q i upon power-on of the receiving apparatus or upon switching of the channel 

selection by the user (hereinafter, also described simply as "upon channel 
15 switching"). During this period, no image is displayed on image display 
03 unit 8 so that there is a possibility that unnecessary anxiety and stress may 

m be caused to the user. 

y3 Returning to Fig. 1 1, in order to start data demodulation in 

detection-demodulation unit 3, it is required that the received data of at 
20 least a prescribed amount that is the minimum required for execution of 
error correction be accumulated. Consequently, upon power-on or upon 
channel switching, outputting of TS data from detection-demodulation unit 
3 is delayed for the period during which the prescribed amount of received 
data is accumulated. In addition, in decoding the image coded data, there 
25 is a possibility of delay being generated in image display due to the nature of 
the MPEG2 standard. 

Fig. 12 is a schematic diagram related to the description of a 
composition of image coded data according to MPEG2. 

Referring to Fig. 12, the image coded data according to MPEG2 
30 (hereinafter, also simply referred to as MPEG2 image coded data) is 
expressed as bit stream data having a hierarchical arrangement. 
Particularly, in the MPEG2 standard, data corresponding to several pictures 
are treated as a prescribed segment called GOP (Group of Pictures), and the 
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GOP structure is adopted which allows random access by the unit of GOP. 

In other words, MPEG2 image coded data is formed by a plurality of 
GOPs, and a sequence header SH is provided corresponding to each GOP. 
Information such as data size is recorded in the sequence header SH, and 
5 the sequence header SH is used, for instance, to locate the start of random 
access performed by the unit of GOP. 

One GOP includes picture data generated by compression-coding a 
prescribed number of original pictures. In the MPEG2 standard, the 
picture data can be categorized into the following three picture types based 
10 on the compression coding scheme of the original pictures: an I picture 
p (Intra-coded picture), a P picture (Predictive-coded picture), and a B picture 

*t (Bidirectionally predictive-coded picture). 

yj. 

£}1 The I picture, also referred to as an intra-coded picture, involves 

coding of one original picture alone whose information is independent of 

y i 

15 other original pictures. Thus, the I picture is independent of other pictures 
53 that precede or succeed it and can be decoded by itself. Each GOP is formed 

p such that it includes at least one I picture. 

MJ The P picture, also referred to as an inter-frame predictive-coded 

1 ^ picture, utilizes an I picture or a P picture of an earlier time already decoded 

20 as a predicted image (image that serves as a reference in order to take the 
difference) and involves coding of the motion-compensated difference 
between the original P picture and the predicted image. 

The B picture, also referred to as a bidirectionally predictive-coded 
picture, is coded as an image to be inserted between the I picture and the P 
25 picture after the I picture and the P picture are processed in advance. In 
other words, the B picture utilizes the following three kinds of pictures as a 
predicted image: 1) the I picture or the P picture of an earlier time already 
decoded, 2) the I picture or the P picture of a later time already decoded, and 
3) an interpolated image made from 1) and 2). 
30 Thus, video decode unit 6 cannot output an image signal until a 

sequence header and an I picture is properly decoded. Moreover, in order 
to adjust the output timing of audio decode unit 5 and video decode unit 6 so 
as to ensure the synchronization between the image signal output to image 
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display unit 8 and the audio signal output to audio output unit 7, i.e. the AV 
synchronization, a certain amount of coded data must be accumulated in 
audio decode unit 5 and video decode unit 6. As a consequence, image 
display would also be delayed for the period during which coded data 
required to ensure the AV synchronization is accumulated. The delay of 
the image display upon power-on or upon channel switching due to these 
factors may be expected to amount to about two to three seconds. 

On the other hand, as a user is selecting a channel, when a specific 
channel that the user wishes to view cannot be found, the user tends to 
manipulate the channel selection by selecting the channels instantly and 
continuously in order to grasp in a short time the contents of broadcast on 
the respective channels. Hereinafter, such channel selecting manipulation 
would also be referred to as a "channel sampling manipulation." 

It is likely that the "channel sampling manipulation" that the user 
routinely performs with the analog television broadcast cannot be performed 
smoothly with the digital television broadcast due to the influence of delay 
in the image display upon channel switching described above. Particularly, 
after the user inputs a channel switching instruction, a period created 
during which no image signal is output by image display unit 8 is very likely 
to cause the user discomfort due to unnecessary anxiety and stress. 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a digital broadcast 
receiving apparatus that provides an appropriate image display upon 
power-on or upon channel switching until the display of the normal real 
time images corresponding to the selected channel becomes possible so as to 
prevent causing discomfort to the user. 

According to the present invention, a digital broadcast receiving 
apparatus for selectively receiving a desired channel based on a user 
instruction from a plurality of channels included in airwaves includes a first 
tuning unit for extracting from the airwaves first image coded data that 
corresponds to the desired channel, a second tuning unit for successively 
selecting one of the plurality of channels as a background channel and 
extracting from the airwaves second image coded data that corresponds to 



the background channel, a data storage unit for storing the second image 
coded data that correspond to the respective ones of the plurality of channels, 
a control unit for determining whether it is possible or impossible to 
generate an image signal based on the first image coded data, and a first 
image data decoding unit for decoding the second image coded data from the 
data storage unit to generate an image signal for image display when image 
display based on the first image coded data is impossible in accordance with 
the determination of the control unit. 

Preferably, the digital broadcast receiving apparatus further 
includes a first data selecting unit for receiving the first image coded data 
from the first tuning unit and the second image coded data from the data 
storage unit corresponding to the desired channel and selectively outputting 
one of the first image coded data and the second image coded data according 
to the determination of the control unit. The first image data decoding unit 
decodes an output from the first data selecting unit to generate an image 
signal. 

Preferably, the digital broadcast receiving apparatus further 
includes a second image data decoding unit for decoding the second image 
coded data extracted by the second tuning unit, and an image data coding 
unit for recoding the second image coded data decoded by the second image 
data decoding unit. The data storage unit stores the second image coded 
data recoded by the image data coding unit, and the recoded second image 
coded data has a smaller amount of data than the second image coded data 
extracted by the second tuning unit. 

Preferably, the digital broadcast receiving apparatus further 
includes a data buffer unit for temporarily accumulating the image signal 
output from the first image data decoding unit, an image data coding unit 
for recoding the image signal, a first data selecting unit for selectively 
outputting the image signal output by the first image data decoding unit to 
one of the data buffer unit and the image data coding unit according to the 
determination of the control unit, and a second data selecting unit for 
receiving the first image coded data from the first tuning unit and the 
second image coded data from the data storage unit corresponding to the 



desired channel, and the second image coded data from the second tuning 
unit corresponding to the background channel, and for outputting to the 
first image data decoding unit one of the first image coded data, the second 
image coded data from the data storage unit, and the second image coded 
5 data from the second tuning unit according to the determination of the 

control unit. The data storage unit stores the image signal recoded by the 
image data coding unit as the second image coded data, and the recoded 
second image coded data has a smaller amount of data than the second 
image coded data extracted by the second tuning unit. 
10 According to the digital broadcast receiving apparatus of the present 

P invention, immediately after channel switching and the like, the image 

coded data corresponding to a video image of the past of the desired channel 

EP stored within in advance as a background channel can be read so as to 

45 

?Z display the video image until the display of a real time video image 

SJ 15 corresponding to a desired channel becomes possible. As a result, even 

-** when the user switches the channel selection successively, the video image 

5 

□ display would not be interrupted so that the user would not experience any 

discomfort. 

Q3 Moreover, the contents of the image coded data stored inside in 

Cj 20 advance for the respective channels are successively updated in a constant 
f ' cycle so that the user can grasp the contents of broadcast on the respective 

channels in a short time by successive switching of the channel selection. 

In addition, the data storage unit stores as image coded data 
corresponding to the background channel the image signal recoded to a 
25 smaller amount of data so that the data storage unit can be reduced in size. 

According to another aspect of the present invention, a digital 
broadcast receiving apparatus for selectively receiving a desired channel 
based on a user instruction from a plurality of channels included in airwaves 
includes a tuning unit for extracting from the airwaves first image coded 
30 data that corresponds to the desired channel, a data storage unit for storing 
second image coded data for displaying a prescribed picture, a control unit 
for determining whether it is possible or impossible to generate an image 
signal based on the first image coded data, and an image data decoding unit 
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for decoding the second image coded data from the data storage unit to 
generate an image signal for image display when the image display based on 
the first image coded data is impossible in accordance with the 
determination of the control unit. 

Preferably, the digital broadcast receiving apparatus further 
includes a data selecting unit for receiving the first image coded data from 
the tuning unit and the second image coded data from the data storage unit 
corresponding to the desired channel and selectively outputting one of the 
first image coded data and the second image coded data according to the 
determination of the control unit. The image data decoding unit decodes an 
output from the data selecting unit to generate an image signal. 

Moreover, according to the digital broadcast receiving apparatus of 
the present invention, the image coded data corresponding to a prescribed 
picture stored within in advance can be read so as to display the video image 
until the display of a real time video image corresponding to a desired 
channel becomes possible. As a result, even when there is only one tuning 
unit that has a tuner function, the video image display would not be 
interrupted immediately after power-on or immediately after channel 
switching, so that the user would not experience any discomfort. 

The foregoing and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed 
description of the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram related to the description of a main portion 
related to image signal processing of digital broadcast receiving apparatus 
according to a first embodiment of the present invention. 

Fig. 2 is a flow chart related to the description of a control operation 
of a control unit 40 upon switching of channel selection by a user. 

Fig. 3 is a timing chart related to the description of an example of an 
operation of digital broadcast receiving apparatus according to the first 
embodiment. 

Fig. 4 is a block diagram related to the description of a main portion 



related to image signal processing of digital broadcast receiving apparatus 
according to a second embodiment of tlie present invention. 

Fig. 5 is a block diagram related to the description of a main portion 
related to image signal processing of digital broadcast receiving apparatus 
5 according to a modification of the second embodiment of the present 
invention. 

Fig. 6 is a block diagram related to the description of a main portion 
related to image signal processing of digital broadcast receiving apparatus 
according to a third embodiment of the present invention. 
10 Figs. 7 to 10 are block diagrams related to the description of a main 

p portion related to image signal processing of digital broadcast receiving 

j? apparatus according to first to fourth modifications of the third embodiment 

fjl. of the present invention. 

Fig. 1 1 is a schematic block diagram representing an arrangement of 
Sj 15 a general digital television broadcast receiving system. 
^ Fig. 12 is a schematic diagram related to the description of a 

q composition of image coded data according to MPEG2. 

y| DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments of the present invention will be described in detail 
p 20 below with reference to the drawings. 
^~ First Embodiment 

Referring to Fig. 1, a digital broadcast receiving apparatus 10 
according to the first embodiment of the present invention includes an input 
terminal 11a for receiving RF signals which are the airwaves received by an 
25 antenna 2, an input terminal lib for receiving user manipulation such as 
power-on and channel selection, and an output terminal 11c for outputting 
to an image display unit 8 an image signal corresponding to a desired 
channel selected by the user. The user manipulation that is input to input 
terminal 1 lb may be input from a user control unit integrally provided with 
30 digital broadcast receiving apparatus 10 by a panel or the like, or may be 
input using a remote control from outside digital broadcast receiving 
apparatus 10 by infrared rays or the like. 

Digital broadcast receiving apparatus 10 further includes tuning 
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units 18a and 18b for extracting the image coded data corresponding to a 
prescribed channel from the RF signals. Tuning unit 18a includes a tuner 
12a for tuning according to a channel selecting signal CSL1, a demodulating 
unit 14a for demodulating a signal selected by tuner 12a, and a transport 
5 stream decoder (hereinafter, referred to as a TS decoder) 16a for converting 
a demodulated signal into TS data. 

Similarly, tuning unit 18b includes a tuner 12b for performing 
tuning according to a channel selecting signal CSL2, a demodulating unit 
14b for demodulating a signal selected by tuner 12b, and a TS decoder 16b 
10 for converting a demodulated signal into TS data. Consequently, TS 

decoders 16a and 16b extract a baseband signal corresponding to a selected 
channel. 

Provision of two systems of tuning units 18a and 18b allows the 
:h receiving operation to be performed for background reproduction as will be 

vj 15 described later, even while an image corresponding to the user desired 
81 channel is being displayed on image display unit 8. Tuning unit 18a 

q performs, according to channel selecting signal CSLl, the tuning 

v|3 corresponding to the desired channel selected by the user. On the other 

J£ hand, tuning unit 18b performs in the background, according to channel 

Q 20 selecting signal CSL2, the tuning corresponding to channels that are 
successively selected independently of the user desired channel. 

In the arrangement of Fig. 1, of the TS data which are coded data 
according to the MPEG2 standard output from TS decoders 16a and 16b, 
only the arrangement related to image coded data is illustrated. TS 
25 decoder 16a outputs image coded data VCDa corresponding to the desired 

channel, and TS decoder 16b outputs image coded data VCDb received in* the 
background. 

When performing the reproduction based on an image signal 
obtained by decoding image coded data VCDa from tuning unit 18a, the user 
30 desired channel can be extracted from the airwaves and a real time image 
can be displayed. Hereinbelow, the image display based on image coded 
data VCDa is also referred to as normal reproduction. On the other hand, 
the image display based on image coded data VCDb from tuning unit 18b is 
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also referred to as background reproduction. 

When digital broadcast receiving apparatus 10 is to be provided with 
a multi-channel display feature for providing multiple display of a plurality 
of channels on image display unit 8, a multiple systems of tuning units 
inevitably becomes necessary. Thus, in digital broadcast receiving 
apparatus 10 having the multi-channel display feature, one of a plurality of 
systems of tuning units arranged may be used for the background receiving 
operation when the multi-channel display feature is not selected. 

Digital broadcast receiving apparatus 10 farther includes an MPEG 
video decode unit 20, a control unit 40 for controlling an image processing 
operation in digital broadcast receiving apparatus 10, and an interface unit 
45 for transmitting to control unit 40 the user manipulation input to input 
terminal lib. 

Digital broadcast receiving apparatus 10 further includes a memory 
unit 30 for recording image coded data received in the background. 
Memory unit 30 has a plurality of memory regions MAI to MAn respectively 
corresponding to n channels (n is a natural number) that are receivable. 
Memory unit 30 performs writing, storing, and reading of data in response 
to a memory control signal CMD which is generated by control unit 40. 

Digital broadcast receiving apparatus 10 further includes a data 
selector 3 1 for selectively transmitting image coded data VCDb output from 
TS decoder 16b to one of memory regions MAI to MAn, a data selector 32 for 
outputting one of image coded data output respectively from memory regions 
MAI to MAn, and a data selector 34. Data selector 34 outputs to MPEG 
video decode unit 20 one of image coded data VCDa output from TS decoder 
16a and image coded data VCDb output from data selector 32. 

MPEG video decode unit 20 includes a decode LSI for decoding 
image coded data transmitted from data selector 34, a work memory used as 
a buffer to store data temporarily, and so on, which are not shown. 

Control unit 40 generates a channel selecting signal CSLl based on 
user channel selection, a channel selecting signal CSL2 periodically for 
switching a background channel independent of the user channel selection, 
a reproduction data selecting signal SLV for selecting a data output in data 
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selector 34, and memory control signal CMD for controlling the operation of 
memory unit 30. 

Channel selecting signal CSL1 is set corresponding to a desired 
channel selected by the user. Channel selecting signal CSL2 is set to allow 
periodical and successive selection of one of n channels that can be received 
as a background channel independently of the user channel selection. 

Data selector 31 transmits image coded data VCDb output from 
tuning unit 18b to a memory region corresponding to the background 
channel in memory unit 30 according to channel selecting signal CSL2. 
Control unit 40 instructs the data write to memory unit 30 at a timing that 
coincides with the timing at which image coded data VCDb is transmitted 
from data selector 31. 

In this manner, in memory unit 30, image coded data corresponding 
to the past pictures received in the background are stored as background 
data respectively corresponding to the n channels that are receivable. The 
background data corresponding to the respective channels are periodically 
updated according to channel selecting signal CSL2. 

As background data, image coded data of an I picture, for instance, 
may be stored as static image data. In addition, the I picture and a B 
picture and a P picture related to the I picture may be combined and stored 
as motion image data of a very brief duration. 

When the channel selection is switched through user manipulation, 
control unit 40 changes the setting of channel selecting signal CSLl. In 
response to this change, tuning unit 18a starts generating image coded data 
VCDa corresponding to a newly selected channel (hereinafter, also referred 
to as a post-switching channel). Before the normal reproduction 
corresponding to the post-switching channel becomes possible, however, a 
certain time period is required until the generated image coded data VCDa 
reaches a certain amount. 

MPEG video decode unit 20 monitors the generation status of image 
coded data VCDa corresponding to the post-switching channel in TS decoder 
16a, and generates a flag signal RDY indicating whether the normal 
reproduction corresponding to the post-switching channel is possible. Flag 



signal RDY is reset to the logic low or the L level in response to switching of 
the channel selection. Until image coded data VCD a generated hy TS 
decoder 16a reaches a certain amount that allows the normal reproduction, 
flag signal RDY is maintained at the L level. 

Control unit 40 instructs the execution of background reproduction 
during the period in which flag signal RDY is at the L level (hereinafter, also 
referred to as a normal reproduction wait period). 

Control unit 40 instructs memory unit 30 to perform reading of 
background data stored in memory regions MAI to MAn in response to 
switching of the channel selection. Data selector 32 selects background 
data output from memory unit 30 according to channel selecting signal 
CSL1, and outputs to data selector 34 image coded data VCDb that 
corresponds to the post-switching channel. 

Control unit 40 generates reproduction data selecting signal SLV in 
response to a signal level of flag signal RDY that indicates whether normal 
reproduction is possible. In other words, during the normal reproduction 
wait period in which normal reproduction is not ready to be performed, 
reproduction data selecting signal SLV instructs data selector 34 to output 
image coded data VCDb to perform background reproduction. 
Consequently, even when the image display by normal reproduction cannot 
be provided immediately after channel switching, the display of a past 
image corresponding to the post-switching channel can be provided so that 
discomfort can be removed for the user. 

Since tuning by tuning unit 18a and demodulation operation are 
performed in parallel with the background reproduction, normal 
reproduction would become possible after at least a certain amount of image 
coded data VCDa corresponding to the post-switching channel have been 
generated. MPEG video decode unit 20 changes the signal level of flag 
signal RDY from the L level to the logic high or the H level when the normal 
reproduction becomes possible. 

Accordingly, control unit 40 switches the signal level of reproduction 
data selecting signal SLV. In response, data selector 34 switches the image 
coded data to be transmitted to MPEG video decode unit 20 from image 



- 12 - 



coded data VCDb for background reproduction to image coded data VCDa for 
normal reproduction. Thereafter, the signal levels of flag signal RDY and 
reproduction data selecting signal SLV are maintained until a new channel 
switching manipulation is input. In this manner, when data selector 34 is 
provided and the image coded data to be supplied to MPEG video decode 
unit 20 are switched, MPEG video decode unit 20 can be shared by normal 
reproduction and background reproduction. 

Referring to Fig. 2, when user performs the manipulation to switch 
the channel selection (step S100), control unit 40 updates channel selecting 
signal CSL1 according to the user channel selection (step Si 10). Moreover, 
control unit 40 instructs MPEG video decode unit 20 to reset (to the L level) 
flag signal RDY (step S120). 

Control unit 40 monitors the signal level of flag signal RDY to check 
whether normal reproduction corresponding to the post-switching channel is 
possible (step S 130). When normal reproduction is not ready to be 
performed, reproduction data selecting signal SLV is set to the L level, and 
image coded data VCDb which is the background data output from data 
selector 32 is sent to MPEG video decode unit 20 (step S140). As a result, 
background reproduction is performed during the normal reproduction wait 
period. Step 140 is performed repeatedly until the normal reproduction 
becomes possible. 

When the normal reproduction is ready to be performed and the 
signal level of flag signal RDY changes to the H level, control unit 40 
changes the signal level of reproduction data selecting signal SLV from the L 
level to the H level (step S150). Accordingly, image coded data VCDa from 
TS decoder 16a is transmitted to MPEG video decode unit 20. 
Consequently, the normal reproduction corresponding to the post-switching 
channel is performed (step S160). 

Such operation of control unit 40 can be processed using software 
based on a program recorded in a ROM (Read Only Memory) and the like, 
for instance. In addition, hardware corresponding to the flow chart shown 
in Fig. 2 may be provided. 

Now, an example of an operation of digital broadcast receiving 



- 13 - 



apparatus 10 will be described using Fig. 3. 

Referring to Fig. 3, a channel chl is selected before time tO, and at 
time tO, the channel selection is switched from channel chl to a channel ch2. 
Moreover, it is assumed that, at time tl, the channel selection is switched 
5 from channel ch2 to a channel ch4, and at time t2, from channel ch4 to a 
channel 5. 

Channel selecting signal CSLl is set according to the user channel 
selection. In other words, channel selecting signal CSLl selects channels 
chl, ch2, ch4, and ch5 before time tO, from time tO to time tl, from time tl to 
10 time t2, and after time t2, respectively. 
Q Channel selecting signal CSL2 periodically switches the channel 

selection independently of the user channel selection. Fig. 2 shows the case 
El where the number of receivable channels is five, and five channels chl to 

rj!: ch5 are selected periodically by channel selecting signal CSL2. 

Si 15 Image coded data VCDb output from tuning unit 18b according to 

^ channel selecting signal CSL2 is stored in memory unit 30 as background 

p data. The background data of the respective channels are updated in a 

M3 constant cycle. For instance, the background data corresponding to 

channel ch2 is updated from CH2a to CH2b at time t2. In this manner, 
□ 20 background data corresponding to the respective channels are periodically 
r ^ and successively updated in memory regions MAI to MAn within memory 

unit 30. 

Although not shown, reproduction data selecting signal SLVis reset 
from the H level to the L level at time tO when the channel switching is 

25 performed. From time tO to time tl and from time tl to time t2, new 

channel switching manipulation is executed before normal reproduction is 
made ready so that the signal level of reproduction data selecting signal SLV 
is maintained at the L level. 

Accordingly, prior to time tO, image display unit 8 displays images 

30 corresponding to CHI which is the normal reproduction data of channel chl. 
Then, from time tO to time tl, an image based on background data CH2a 
corresponding to channel ch2 is displayed on image display unit 8. 
Similarly, from time tl to time t2, an image based on background data CH4a 



- 14- 



corresponding to channel ch4 is displayed on image display unit 8. 

After time t2, no new channel switching manipulation is input so 
that, at a time t3 when normal reproduction becomes ready, the signal level 
of reproduction data selecting signal SLV changes from the L level to the H 
level corresponding to the change of flag signal RDY. Thus, from time t2 to 
time t3, image display unit 8 displays an image based on background data 
CH5a of channel ch5, and after time t3, displays images based on normal 
reproduction data CHS corresponding to channel ch5. 

In this manner, even when the user performs channel switching 
with short intervals, it becomes possible to display successive images 
correspondingly. Particularly, the period from time tO to time t3 in which 
the display based on background data is performed is a period in which the 
image display based on the received airwaves is impossible in a normal 
digital broadcast receiving apparatus so that, by successively providing 
image display during this period, the discomfort caused to the user can be 
eliminated. In addition, the background data is successively and 
periodically updated so that the content of the background data can be 
approximated to the content of a picture according to normal reproduction. 
Consequently, the so-called channel sampling manipulation that the user 
performs in order to grasp the contents of broadcast on the respective 
channels in a short time can be dealt with. 

In addition, while the selection of the background channels is 
performed uniformly with all the receivable channels in the first 
embodiment, it is also possible to specify the target of selection of 
background channels to a part of all the receivable channels. In this case, 
for instance, part of the channels to be the target of selection of background 
channels can be designated based on the selection frequency of the 
respective channels and the selecting patterns of the user in the past. 

Second Embodiment 

Referring to Fig. 4, a digital broadcast receiving apparatus 50 
according to the second embodiment of the present invention differs from 
digital broadcast receiving apparatus 10 shown in Fig. 1 in that it further 
includes an MPEG video decode unit 21 and an MPEG video encode unit 25 
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provided corresponding to background data. 

MPEG video decode unit 2 1 first decodes image coded data VCDb 
output by tuning unit 18b in order to generate background data. MPEG 
video encode unit 25 recodes image coded data VCDb decoded by MPEG 
5 video decode unit 2 1 and outputs image coded data VCDb 1 . Memory unit 30 
stores the recoded image coded data VCDb* as the background data. 

At this time, the recoding in MPEG video encode unit 25 is 
performed such that the amount of image coded data VCDb 1 after recoding is 
smaller than the amount of image coded data VCDb as output from tuning 
10 unit 18b. For instance, the resolution upon recoding may be set lower than 
the resolution corresponding to normal reproduction data so as to limit the 
capacity of the background data stored in memory unit 30. 
CH Consequently, the memory capacity of memory unit 30 can be made 

ji i-j more compact than in the case of digital broadcast receiving apparatus 10 

Si 15 shown in Fig. 1. As a result, reduction in cost and in size of the digital 
broadcast receiving apparatus can be achieved. 
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Q The arrangement in other portions of digital broadcast receiving 

^ apparatus 50 and the operations thereof are the same as those of digital 

53 broadcast receiving apparatus 10 shown in Fig. 1 so that the description 

E3 20 thereof will not be repeated. 

Haas 

Modification to Second Embodiment 

Referring to Fig. 5, a digital broadcast receiving apparatus 51 
according to a modification of the second embodiment of the present 
invention differs from digital broadcast receiving apparatus 50 shown in Fig. 
25 4 in that digital broadcast receiving apparatus 51 is not provided with 

MPEG video decode unit 2 1 and that digital broadcast receiving apparatus 
51 further includes a data selector 36 and a data buffer 22 as subsequent 
stages to MPEG video decode unit 20. 

The arrangement in other portions of digital broadcast receiving 
30 apparatus 51 and the operations thereof are the same as those of digital 
broadcast receiving apparatus 50 shown in Fig. 4 so that the description 
thereof will not be repeated. 

In digital broadcast receiving apparatus 51, the process of decoding 
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the image coded data corresponding to background data as described with 
Fig. 4 is performed using MPEG video decode unit 20. 

Thus, in addition to image coded data VCDa from tuning unit 18a 
and image coded data VCDb corresponding to the background data from 
data selector 32, the recoded image coded data VCDb 1 from tuning unit 18b 
is also input to data selector 34. 

Data selector 34 outputs one of image coded data VCDa, VCDb, and 
VCDb 1 to MPEG video decode unit 20 according to a reproduction data 
selecting signal SLV 1 . 

By successively decoding image coded data from data selector 34, 
MPEG video decode unit 20 performs the decoding processing of data for 
normal reproduction and data for background reproduction to be displayed 
on image display unit 8 along with the decoding processing for limiting the 
amount of the background data to be stored in memory unit 30. 

Thus, according to a reproduction data selecting signal SLV", when 
MPEG video decode unit 20 decodes image coded data VCDa for normal 
reproduction and image coded data VCDb* for background reproduction to be 
displayed on image display unit 8, data selector 36 outputs the decoded 
image signal to data buffer 22. On the other hand, when MPEG video 
decode unit 20 decodes image coded data VCDb for generating background 
data to be stored in memory unit 30, data selector 36 outputs the decoded 
image signal to MPEG video encode unit 25. 

As in the case shown in Fig. 4, MPEG video encode unit 25 performs 
recoding such that the amount of data is reduced from image coded data 
VCDb prior to decoding. As a result, like the case shown in Fig. 4, the 
memory capacity of memory unit 30 can be made small. 

Thus, when the throughput of MPEG video decode unit 20 is 
sufficiently high, an arrangement may be adopted which allows temporary 
storage of the image signal to be sent to image display unit 8 in data buffer 
22 so that the capacity of memory unit 30 can be made smaller without 
additionally providing an MPEG video decode unit. 

Third Embodiment 

The first and second embodiments describe the arrangements in 
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which the reproduction of background data of the respective channels that 
are periodically updated is performed when normal reproduction is 
impossible. In other words, the digital broadcast receiving apparatuses 
according to the first and second embodiments inevitably require a plurality 
of tuner systems (tuning units). The third embodiment describes an 
arrangement that allows picture display during the normal reproduction 
wait period in relation to the case where a single tuner system (tuning unit) 
is provided. 

Referring to Fig. 6, a digital broadcast receiving apparatus 60 
according to the third embodiment of the present invention includes an 
input terminal 11a for receiving RF signals which are the airwaves received 
by an antenna 2, an input terminal lib for receiving user manipulation, an 
output terminal 1 lc for outputting to an image display unit 8 an image 
signal corresponding to a desired channel selected by the user, a tuning unit 
18a for performing normal reproduction, a data selector 34, and an MPEG 
video decode unit 20. Tuning unit 18a includes a demodulating unit 14a 
and a TS decoder 16a. 

Digital broadcast receiving apparatus 60 further includes a control 
unit 40, an interface unit 45 for transmitting to control unit 40 the user 
manipulation input to input terminal lib, and a memory unit 30. A 
channel selecting signal CSLl is set according to a desired channel selected 
by the user. 

During the normal reproduction wait period, digital broadcast 
receiving apparatus 60 outputs an image signal for displaying a prescribed 
static image or motion image on image display unit 8. The prescribed 
picture displayed during the normal reproduction wait period will 
hereinafter also be referred to as a reception wait picture. Memory unit 30 
stores image coded data for the reception wait picture stored before 
shipment. 

When power-on or a channel switching instruction via interface unit 
45 is detected, control unit 40 instructs memory unit 30 to output image 
coded data VCDb for the reception wait picture as well as switches to the 
data output path that is different from the data output path used for 
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normal reproduction in data selector 34 until a flag signal RDY from MPEG 
video decode unit 20 is set to the signal level indicating that normal 
reproduction has become possible. Accordingly, data selector 34 outputs 
image coded data VCDb from memory unit 30 to MPEG video decode unit 20. 
5 Thereafter, when the normal reproduction by MPEG video decode 

unit 20 becomes possible, control unit 40 switches data output selection of 
data selector 34 in response to the change of flag signal RDY and sends 
image coded data VCDa from TS decoder 16a to MPEG video decode unit 20. 
With such an arrangement, it becomes possible to display a reception 
10 wait picture so as not to cause interruption in the image display even during 
the period in which normal reproduction is impossible upon power-on, 
y3 immediately after channel switching, and so on. As a result, the discomfort 

*3j caused to the user can be alleviated during the normal reproduction wait 

yi period. 

^ 15 First Modification to Third Embodiment 

03 • - 

s ' Referring to Fig. 7, a digital broadcast receiving apparatus 61 

£3 according to the first modification of the third embodiment of the present 

S;1 invention differs from digital broadcast receiving apparatus 60 shown in Fig. 

03 6 in that digital broadcast receiving apparatus 61 further includes a timing 

p3 20 unit 47. Timing unit 47 has the function of measuring at least one of the 
date and the time. Moreover, a memory unit 30 stores a plurality of image 
coded data respectively corresponding to a plurality of reception wait 
pictures. 

A control unit 40 selects one of the plurality of image coded data 
25 stored in memory unit 30 according to the time of day, the day of week, and 
the season based on the current time or date measured by timing unit 47. 
In response to a memory control signal CMD and a picture selecting signal 
DSL, memory unit 30 outputs to a data selector 34 image coded data VCDb 
for displaying the reception wait picture selected by control unit 40. 
30 With such an arrangement, it becomes possible to switch the display 

of the reception wait picture automatically according to the current date or 
time in digital broadcast receiving apparatus 61 so as to enhance its 
entertainment quality. 
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Second Modification to Third Embodiment 

Referring to Fig. 8, a digital broadcast receiving apparatus 62 
according to the second modification of the third embodiment of the present 
invention differs from digital broadcast receiving apparatus 60 shown in Fig. 
6 in that digital broadcast receiving apparatus 62 further includes data 
selectors 31 and 32 corresponding to a memory unit 30. 

Digital broadcast receiving apparatus 62 stores in memory unit 30 
text information that a broadcast station had transmitted using data 
broadcast and the like and outputs the image signal to be displayed on 
image display unit 8 as a reception wait picture during the normal 
reproduction wait period. 

Thus, memory unit 30 includes memory regions MAI to MAn 
corresponding to the respective channels. A TS decoder 16a separates 
coded data corresponding to the text information from image coded data and 
the like and outputs the separated coded data to a data selector 31. Data 
selector 31 operates in response to a channel selecting signal CSL1, and 
stores the coded data from a tuning unit 18b into a memory region 
corresponding to the received channel. 

During the normal reproduction wait period upon power-on or upon 
channel switching, the coded data corresponding to the channel currently 
selected by the user is sent from memory unit 30 to a data selector 34 via a 
data selector 32 that operates according to channel selecting signal CSLl. 
Thus, it becomes possible to display a reception wait picture according to 
information received from text data broadcast and the like. 

Third Modification to Third Embodiment 

Referring to Fig. 9, a digital broadcast receiving apparatus 63 
according to the third modification of the third embodiment of the present 
invention differs from digital broadcast receiving apparatus 60 shown in Fig. 
6 in that digital broadcast receiving apparatus 63 further includes an MPEG 
video encode unit 25. MPEG video encode unit 25 codes an image signal 
output by an MPEG video decode unit 20 in response to a control signal CP 
generated by a control unit 40. Image coded data VCDc from MPEG video 
decode unit 20 is transmitted to a memory unit 30. Memory unit 30 stores 
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image coded data VCDc as data for a reproduction wait picture. 

Control signal CP is generated in response to a user instruction 
input to an input terminal lib. Thus, it becomes possible for the user to 
capture any given static image or moving image from the display image 
being broadcast and to adopt it as the reproduction wait picture. Moreover, 
memory unit 30 can be made more compact by lowering the resolution in the 
coding by MPEG video encode unit 25 from the resolution of the normal 
reproduction. 

Fourth Modification to Third Embodiment 

Referring to Fig. 10, a digital broadcast receiving apparatus 64 
according to the fourth modification of the third embodiment of the present 
invention differs from digital broadcast receiving apparatus 60 shown in Fig. 
6 in that a receiving condition signal JST from a tuner 12a is input to control 
unit 40. Tuner 12a activates receiving condition signal JST when the input 
of the RF signals that are the airwaves received by an antenna 2 is 
interrupted, for instance, at a termination of broadcast or when the video 
signal is interrupted. 

In addition to the normal reproduction wait period, at the time when 
receiving condition signal JST is activated, control unit 40 reads image 
coded data for displaying a reception wait picture to memory unit 30 in order 
to display the wait picture. Further, control unit 40 switches the setting of 
reproduction data selecting signal SLV such that the image coded data read 
from memory unit 30 is output by data selector 34. 

Consequently, in addition to the normal reproduction wait period 
corresponding to the power-on or the channel switching, even at the 
termination of the broadcast or when input of the video signal is interrupted, 
it becomes possible automatically to invoke and display a reproduction wait 
picture on an image display unit. 

Moreover, digital broadcast receiving apparatus 64 shown in Fig. 10, 
in addition to an arrangement of digital broadcast receiving apparatus 60 
according to the third embodiment, displays a reception wait picture 
according to the receiving condition of the RF signals in a tuner. A similar 
arrangement, however, can be applied to digital broadcast receiving 



apparatus 10 according to the first embodiment, to digital broadcast 
receiving apparatuses 50 and 51 according to the second embodiment and its 
modification, respectively, and to digital broadcast receiving apparatuses 61, 
62, and 63 according to the first to third modifications of the third 
embodiment, respectively. 

Furthermore, the embodiments of the present invention has been 
described with regard to an arrangement for receiving digital broadcast 
using coded data according to the MPEG2 standard, the present invention is 
similarly applicable to reception of digital broadcast according to other 
coding standard such as the MPEGl standard, the MPEG4 standard, and a 
motion JPEG (Joint Photographic Experts Group) standard. 

Although the present invention has been described and illustrated in 
detail, it is clearly understood that the same is by way of illustration and 
example only and is not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms of the appended 
claims. 
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